Introduction
============

Human influence on the evolutionary process has been evident ever since we domesticated plants and animals. The diversity of domestic species (e.g. *Canis domesticus*, [@b84]; *Brassica oleracea*, [@b80]), and the divergence from their closest wild relatives (e.g*. Zea mays*, [@b16]) are a powerful testament to the ability of humans to harness the evolutionary process to our own ends. What has become more recently apparent is the speed with which evolutionary change can occur under direct artificial selection (e.g. [@b17]), as a by-product of domestication ([@b31]), and under human altered natural selection ([@b72]). Evolutionary adaptation is not a slow process observable only on geological time scales, but an active process that occurs within human lifespans ([@b30]; [@b62]; [@b14]; [@b69]).

Two ironies must be recognized at the outset, which challenge our ability to control and mitigate our impact on evolution. First, humans tend to select against the traits that they find most useful, especially in harvested or managed populations. Fish that are easy to catch are removed from the population leaving smaller less desirable fish behind ([@b8]; [@b42]). Pests or pathogens that are susceptible to pesticides and antibiotics are killed off, leaving resistant forms in their wake ([@b29]). Even trophy hunting selects against the large spectacular traits that are prized by hunters ([@b13]). The second irony is that those populations that we would most hope would evolve tolerance to human activities are typically the very populations least likely to be capable of doing so, while those which we would prefer to remain static are most likely to evolve. It is much easier for an invasive or otherwise troublesome species to adapt to our control measures simply because such species tend have large populations and high reproductive rates ([@b64]; [@b43]). Populations of conservation concern are typically much smaller and less reproductive, and consequently more likely to go extinct before they can adapt to new environmental challenges ([@b47]).

Evolutionary processes have been prominent in conservation biology almost from the outset ([@b23]; [@b70]; [@b24]), featuring both in debates over what taxonomic groupings deserve conservation protections, and in the desire to preserve the evolutionary potential or process in addition to the species themselves ([@b57]). Genetic threats to population persistence are a standard topic for conservation biology textbooks, and several textbooks (e.g. [@b4]; [@b25]; [@b2]) and a journal are now devoted to the subfield of conservation genetics. Broadly speaking, these threats include: inbreeding depression and mutation accumulation in small populations; assimilation through hybridization with more common species; outbreeding depression through the mating of distantly related lineages; maladaptation through environmental change that exceeds the evolutionary potential of the population; and translocation into environments to which the populations are not locally adapted.

Addressing these threats involves answering a series of basic practical questions for biological managers: how large and how genetically variable a population should we maintain in order for it to remain viable? When should we maintain barriers to reproductive exchange between related species, or between populations of the same species? How much environmental change can we allow and expect a population to adapt in response? When is stocking or re-stocking a beneficial practice and where should we obtain the colonists to restore degraded populations?

Conservation genetics in the broad sense can be seen as an attempt to manage human influence on the evolutionary process so as to minimize the harmful effects of human activities, and to maintain as much as possible the adaptive potential of natural populations (both large and small). I am going to suggest that as complicated as this challenge is, we have the advantage of applying one of the most elegant and powerful unifying theories in all of science -- evolution by natural selection. At the same time, I will argue that much of conservation genetics is so narrowly focused on genetic inferences about individual taxa, that it fails to take advantage of the generality that should be its greatest asset. My perspective is that of a 'pure' researcher, and what I will offer will in some degree be a plea (or an apologia) for pure research that can be applied broadly, rather than applied research into more narrowly focused (if nonetheless pressing) questions. I will take many of my examples from the fields with which I am most familiar -- that of gene flow and local adaptation, but the criticisms I offer and the approach I am suggesting are not restricted to these topics.

Illustrating the problem -- population structure and genetic inference
======================================================================

The study of population structure is one of the major themes within conservation genetics. Electrophoretic surveys of DNA variation are relatively quick and affordable, and can be applied to almost any species from which tissue can be sampled. Statistical methods to infer parameters of interest from DNA data have become legion. As a result of this burgeoning field of enquiry, population structure has come to be recognized on finer and finer scales. A decade ago, [@b71] lamented that molecular techniques had 'spawned an industry of papers reporting the genetic structure of natural populations', and this trend has continued. A casual survey of the papers published in 2006 in the journal Conservation Genetics revealed that out of 96 papers, just over half (51) used DNA surveys to explicitly address issues of population subdivision. A further 12 addressed the loss of variation and/or inbreeding as evidenced by DNA markers, and 29 described new markers, laboratory protocols, or analysis techniques for DNA markers. Thus, the research in Conservation Genetics is dominated by DNA surveys with a strong emphasis on patterns of population subdivision. (This is not to criticize either the journal or its editors, because this seems like a reasonable cross-section of activity in the field of conservation genetics).

Given the ubiquity of population structure, local adaptation of populations to their local environmental conditions has become a paramount concern of conservation genetics. In parallel with concerns over invasive species, conservation geneticists have become concerned over the potential spread of genes into novel habitats in applications ranging from restoration (e.g. [@b54]) and reforestation to fisheries and agriculture (e.g. [@b20]). Discussions of Evolutionarily Significant Units and Management Units (reviews in [@b15]; [@b28]) have also fuelled the concern that mixing genetic material from different environments will have negative consequences for the populations being managed. One of the major questions being debated in this field is whether DNA surveys adequately capture the pattern of adaptive as opposed to neutral variation ([@b61]; [@b78]). More recent work has come to appreciate the importance of genetic variation in quantitative traits in the adaptation of populations to their habitats, and their evolution in response to habitat change, and methods attempting to address this variation have been developed ([@b46]; [@b73]; [@b55]; [@b78]).

Identifying population structure is easy. Identifying when population structure represents divergent adaptation is much more difficult, and may often reflect assumption rather than evidence. In an often cited review, [@b15] reviewed 84 studies examining the genetic or ecological 'exchangeability' of populations in a broad range of taxa. By 'exchangeability' the authors hoped to explicitly address the question of whether one population could be used to replace the other, for example in a restoration effort. Almost in passing, they make a remarkable observation:

> Our survey shows that the overwhelming majority of analyses fall within Case 8, either rejecting just recent genetic exchangeability or failing to reject any exchangeability. Interestingly, the authors assigned the term ESU to every category .... *even when there was no evidence* against exchangeability. ([@b15], Italics added)

This is a striking accusation, implying that conservation geneticists tend to draw the same conclusion regardless of what their research findings suggest. This view is epitomized by one prominent textbook in the field, which observes that when populations are diverged at DNA markers, adaptive divergence is likely given the isolation of the populations that creates the marker divergence. This suggests that marker divergence is indicative of adaptive divergence, but the same paragraph warns that the reverse is not true -- that low marker divergence should not be taken as evidence of exchangeability, as adaptive divergence can take place in the face of high gene flow. It would seem from this argument that local adaptation is to be assumed no matter what the pattern of marker divergence. Yet the textbook observes on the previous page that marker divergence is a good predictor of adaptive divergence (a claim that has been debated at length elsewhere -- e.g. [@b61]; [@b55]; [@b53]).

If we accept the reasoning described above, then must we not conclude that research programs into population divergence are at best redundant? We have known for decades that no species exists as a single panmictic unit ([@b19] being the classic statement of this point, albeit in the context of species concepts). If we are to assume that populations are always locally adapted to their particular habitats, and that immigration from other habitats will always result in maladaptive gene flow, then the conservation method is clear, and no further research into genetic exchangeability need take place. The resources that currently go into research on population structure could instead be directed to actual conservation efforts.

Arguably, in the absence of better information, a prudent conservation strategy is to maintain population divergence generally until the specific targets of selection can be identified through further research. This is much more difficult than one might think. Methods have been proposed to infer the action of selection from geographic patterns of electrophoretic variation, using either the *F*~st~-outlier approach for single loci ([@b45]; [@b6]), or the *F*~st~--*Q*~st~ comparison for quantitative traits ([@b55]; [@b53]). Additional methods address diversity rather than divergence (e.g. [@b40]). These approaches hinge on the assumption that loci under selection will be recognizably different from neutral loci by having a distinct pattern of divergence among populations. This has intuitive appeal. Broad reviews of trait divergence show that quantitative traits tend to be more often under selection than are putatively neutral molecular markers ([@b55]; [@b53]). Traits under divergent selection do in fact diverge more than do neutral loci ([@b21]; [@b56]; [@b60]). However, what has typically been shown is that selection causes populations to diverge -- one can not infer from this that all divergence implies selection.

Thus, genetic survey methods offer a remarkably weak predictor of adaptive divergence in individual populations or traits, because of the stochastic variation inherent in neutral processes. In essence, the 'signature' of selection is easily 'forged' by neutral processes (and vice versa -- many loci under selection may not be recognizably different from neutral markers). It is in fact the expectation for many population models that a long tail of *F*~st~ values will be observed at neutral loci. [Figure 1](#fig01){ref-type="fig"} shows the cumulative frequency distribution of *F*~st~ for data simulated using Simcoal ([@b22]) under two contrasting neutral models, and analysed using FDist2 ([@b6]). When the data were simulated with the island model, the distribution is well matched by FDist2, which assumes and island model in its analysis. However, the modest variability in *F*~st~ for an island model becomes extreme when populations are grouped into hierarchies of phylogentic relatedness ([@b63]). In fairness, the manual distributed with FDIST2 acknowledges this point, but the perception in the literature is that FDist is robust. My point is that many real world populations will likely depart from the island model in ways that seriously undermine the inferences drawn (note that this criticism applies to the *F*~st~-outlier or *F*~st~--*Q*~st~ approaches in general, and is not restricted to FDist). For example when populations emerge from separate glacial refugia -- a common finding of phylogeographic studies ([@b3]) -- then regardless of the number of populations sampled, there will be only as many demes as there are refugia. In this situation, a long tail is present in the *F*~st~ of neutral markers ([Fig. 1](#fig01){ref-type="fig"}), and comparing against an island model means that the nominal 5% significant threshold gives a false positive rate for adaptive divergence of some 15--20%. It is questionable whether this level of resolution provides meaningful guidance for conservation.

![An example of the difficulty in genetic inference. Cumulative frequency distribution of *F*~st~ for data simulated using Simcoal ([@b22]-- heavy lines) and analysed using FDist2 ([@b6]-- thin lines). Top panel: Island model with 1 and 10 migrants per generation (solid and dashed lines respectively). Because the data were simulated with the island model, the distribution is well matched by FDist2. Bottom panel: Populations phylogeneticaly related within two lineages at migration/drift equilibrium (solid lines) and recently diverged (dashed lines) 5*N*~e~ generations ago. Departure from the Island model greatly increases the stochastic variability of the data relative to assumptions of the analysis. Data were simulated assuming 10 populations each with *N*~e~ = 10 000, and the infinite alleles model with *μ* = 0.5 × 10^−6^. The island model assumed equal migration among all populations, whereas the phylogenetically structured model assumed five populations within each lineage, with Nm = 1 among populations within each lineage and restricted (Nm = 0.001) migration between lineages.](eva0001-0084-f1){#fig01}

Three inter-related rebuttals are commonly offered to this criticism. Some argue that analyses such as the *F*~st~-outlier technique are merely heuristics, which suggest candidate loci for further analysis. In the conservation context, however, such further analysis is frequently not possible, and assessment methods based on *F*~st~-outliers have been offered as a decision-making tool ([@b9]). Another argument posits that 'more recent techniques' offer greater promise. Naturally, I have not addressed each of the many available methods in detail. However, I submit that such optimism should be tempered until the reliability of these techniques is established *a priori*, rather embracing unproven methods. A third rebuttal suggests that with further information, more reliable estimates can be made. Yet, methods that measure population parameters with greater precision typically require large sample sizes, large numbers of markers with detailed marker information (often involving a genetic map), repeated sampling and/or long-term data, detailed field observations, sophisticated analysis and the combinations of multiple approaches (see e.g. [@b81] for a review). Such effort is only possible only for a few model organisms and the most iconic of endangered species. For example, [@b40] used over 100 loci *per chromosome*(!) to assess selective sweeps in *Drosophila*. This level of effort was possible only because of complete sequence data for *Drosophila.* Yet still only about 5% of those loci departed from neutrality at the 5% significance level. In fairness, [@b40] do not present their method as a conservation tool, but theirs is the type of analysis to which optimistic conservation geneticists often point. This level of return on investment offers little hope of reliable and economical techniques appropriate to conservation issues in the many threatened taxa which are experimentally intractable, of low economic value or have limited charismatic resonance with the public.

The problem I have tried to illustrate then, is that attempting to refine conservation efforts by genetic inference appears to be inefficient. Conceptually simple approaches are in practice complex and often unreliable, and the intensive effort needed to make precise and reliable inferences is often beyond the resources of conservation agencies. Such effort might be even be counterproductive, if the effort and resources necessary to make a solid inference detract from the conservation efforts themselves. Indeed, simpler methods are often seen as more reliable. It seems more economical to assess the environmental differences directly ([@b54]), as such information is often readily available. When genetic surveys identify divergence between populations from contrasting environments, it is common to infer that the method has worked (cf [@b9]). When genetic methods fail to identify such populations as adaptively diverged the tendency is to hedge and assume adaptive divergence anyway ([@b15]; [@b49]).

A shift in research emphasis
============================

The alternative approach I am suggesting here is to harness the fact that evolution is a unifying theory that applies to all species, and identify the control points that managers, policymakers and conservationists might have over the process of evolution. I began by referring to cases where humans have harnessed evolution to their own ends and deliberately chose examples of domestication that predate our modern understanding of genetics (or evolution for that matter). This is to highlight the point that humans can exert productive control over evolution without detailed research into the genetics of particular taxa or traits. In the modern conservation crisis, the problems are considerably more challenging, and the 'levers of control' are less obvious than they were when harnessing evolution was simply a matter of selecting the individuals with traits we desired and propagating them. We are dealing with wild rather than domestic species, and we are trying to maintain adaptive potential in small slow breeding populations of endangered species, and curtail it in large rapidly reproducing populations of invasive or problematic species. But our understanding of evolution is greater now, and we have the advantage that it is broadly applicable.

Theory presents the obvious starting point. There already exists a large body of evolutionary theory ready to be harnessed to conservation genetic problems. Theory identifies the factors affecting the evolutionary process from which we might choose those factors susceptible of human control or influence. For example, [@b47] presented a model of adaptative response to changing environmental conditions (see also [@b10]). This model was formulated to predict the realized rate of population increase (*r*) under the selective load imposed by adapting to a changing environment:

where *r*~m~ is the maximum rate of population increase (in the optimal environment), *σ*^2^~z~ and *σ*^2^~g~ are the phenotypic and genetic variances, *σ*^2^~w~ is the width of the stabilizing selection fitness function in any given environment, *k* is the rate of environmental change in the trait optimum and *σ*^2^ is the degree of stochastic variation in the environmental conditions.

I have deliberately chosen a model that I suspect few conservation biologists would routinely use, due to its seeming complexity, and because of the difficulty of measuring the terms on the right hand side. This is to emphasize that the utility of such a model is *not* to substitute values into the equation and predict or infer the rate of growth. Rather it is that the model identifies the *relationship* between evolutionary processes (drift, selection, effective population size, rate of environmental change) and population persistence. It allows us to evaluate the likely outcome of different impacts on the population and identify actions that are most likely to favour (or threaten) population persistence.

For example, consider two hypothetical (and for illustrative purposes, oversimplified) conservation proposals to help a threatened population adapt to changing environmental conditions. Proposal A would halve the rate of environmental change by changing land use patterns, while Proposal B would double population size. However, proposal B is more expensive, because more land must be purchased for an expanded reserve. [Figure 2](#fig02){ref-type="fig"} plots [Eqn 1](#m1){ref-type="disp-formula"} for varying values of *N*~e~ and *k*. For small populations, doubling population size has a greater impact on *r* than halving the rate of environmental change. In general, halving the rate of change is roughly 30% less effective for populations under 200 individuals (*N*~e~). Conservationists can see immediately from [Fig. 2](#fig02){ref-type="fig"} that proposal B is preferred, but if the necessary land is unavailable, that proposal A can have a significant benefit. Beyond 200 individuals, conserving more individuals has less benefit, and more productive action must address the rate of environmental change. This is useful information that can inform practical decision making. It costs nothing, is immediately available to conservationists, and broadly applicable. It is considerably more flexible than a 'rule', such as the 50/500 rule ([@b26]; [@b27]), and can be extended (for example to include immigration as a source of variation) as research proceeds, or tailored to specific conservation questions.

![Response of population growth rate (*r*) to changes in the effective population size (*N*~e~) and rate of environmental change (*k*) using the model of [@b47] ([Eqn 1](#m1){ref-type="disp-formula"}). For small populations, doubling *N*~e~ (solid arrows) has a greater effect than halving *k* (dashed arrows). For larger populations, reducing *k* has the greater effect. Parameters used are: *r*~max~ = 1; *σ*^2^~w~ = 10; *σ*^2^ = 1; *σ*^2^~z~ and *σ*^2^~g~ were calculated following [@b47] assuming that the trait under selection is controlled by 25 loci, with mutational variance of 0.001, and heritability of 0.5; *k* is expressed as the rate of change in the trait optimum in phenotypic standard deviations per generation (i.e. in Haldanes).](eva0001-0084-f2){#fig02}

Theory is of course only as good as its underlying assumptions, so the second stage of this research approach is experimental. Theories generate predictions which can and must be tested before the theory is put into widespread application. It is rarely considered in the context of conservation, but experimental evolution seems like a hugely powerful tool, allowing us to test outcomes of evolutionary changes over many generations in a short time. With laboratory populations of *Chlamydomonas, Brassica*, *Arabidopsis*, *Caenorhabditis*, *Daphnia* or *Drosophila*, among other species, it is possible to manipulate the evolutionary inputs and confirm (or refute) the predicted outcomes. Using the example above, the relative influence of *N*~e~ and environmental change on population growth rate might well be examined with vials of *Drosophila* at different densities, with temperature increments at different rates per generation. Such experiments have been used to investigate genetic rescue ([@b5]; [@b75]); local adaptation in the face of gene flow ([@b21]) or to novel conditions ([@b62]), the fitness consequences of genetic variation ([@b86]; [@b74]), and adaptation to novel CO~2~ environments ([@b12]), among other topics. This approach offers considerable potential to test the effects of human manipulations before costly management efforts are initiated. Moreover, the diversity of available model organisms would allow a science of conservation genetics to distinguish repeatable patterns from the idiosyncrasies of particular species.

The third (and riskiest) component of this research approach is to test the models under actual field conditions (analogous to the 'clinical trials' of new medical procedures). Such trials might proceed under an adaptive management framework ([@b37]; [@b83]). From the modelling and experimental work, several feasible approaches to a particular problem might be identified, and decision makers would select from these the one(s) that best fit(s) the conditions (both biological and political) of a particular case. Ideally, several modified courses of action would be identified *a priori* to invoke if monitoring efforts indicate that the original fails to have the desired effect. The key feature of the adaptive management approach (as I see it being applied here) is that criteria for determining whether the proposed actions are working as planned are established *before* the management strategy is put into effect. Thus as the management program is monitored, the in-course corrections are 'on deck', ready to be implemented quickly should the need arise. At the same time, monitoring of management actions would provide valuable tests of the conclusions drawn in the theoretical and experimental stages of the research. An adaptive management framework would thus provide the critical link between model organisms in microcosm experiments (above) and the (often larger and longer-lived) organisms in real, heterogeneous and human-altered habitats that are the focus of conservation concern.

This process may seem excessively abstract for the pressing concerns of conservation, and its implementation has met with considerable resistance ([@b65]; [@b1]; [@b82]). A common observation in conservation is the need to make decisions now with limited data ([@b2]). However, this approach does not seek to postpone management decisions until experimentation is complete, but permits ongoing decision making based on the best evidence available at any time. We might wish for experimental confirmation, yet theoretical predictions give considerable guidance. If we cannot wait for complex modelling, simple models yield useful insights. Moreover, as such research proceeds, an increasingly solid framework can be built within which decisions can be tailored to particular conservation situations.

The Florida panther
===================

The 'genetic rescue' of the Florida panther ([@b59]) provides a concrete example of how the approaches I have outlined may be starting to contribute to genetic conservation. The case has been highlighted in several reviews and is likely well known. Briefly, the Florida panther (*Puma concolor coryi*) occurs as a single isolated population in south Florida. In the early 1990's its numbers had declined to perhaps as few as 30 individuals ([@b59]), and several lines of evidence strongly suggested that the small population was suffering the genetic effects of inbreeding depression. One possible management action was to introduce immigrant cats from the geographically closest related subspecies, and so introduce additional genetic variation to mitigate the inbreeding effects (see also, e.g. [@b85]; [@b50]; [@b36]; [@b34]). Eight immigrant females were introduced in 1995, and the population has been closely monitored since. Both before and after the introduction, the decision was controversial ([@b51]; [@b7]; [@b52]). However, whether due to the rescue ([@b59]) or other factors ([@b52]), the population has since more than doubled to approximately 87 individuals in 2003.

Whether referred to as genetic 'rescue', 'restoration' or 'intervention' (by authors who are enthusiastic, cautious and skeptical respectively) the introduction of immigrant individuals will influence a series of processes with both positive and negative consequences. The immediate goal is the reduction of inbreeding depression through hybrid vigour ([@b32]; [@b5]) -- more heterozygous outcrossed individuals express fewer deleterious recessive alleles. The addition of novel variation can also boost the evolutionary potential of a population providing the genetic variation on which selection can act to adapt the population to novel environmental conditions ([@b47]; [@b74]). On the other hand, if the population is specialized to the local environment, then immigration may introduce maladapted alleles suited to different environmental conditions. Also working against the success of restoration efforts is the fact that recombination between diverged gene pools can disrupt co-adapted gene complexes, causing reduced fitness (termed outbreeding depression, [@b77]). This last is particularly problematical in that it often does not manifest itself until later generations. [@b76] and [@b38] provide lucid reviews of these issues, all of which are likely to be occurring simultaneously ([@b39]).

The first point I would like to highlight about the Florida panther example is that the complexity of the issue was acknowledged and addressed, even if it was controversial, during the planning phase. It is tempting for researchers focused on a single genetic process (inbreeding depression, local adaptation, adaptive potential, coadapted gene complexes, purging of genetic load and no doubt many others) to see a conservation issue through the prism of their own specialty. However, threats to populations do not happen separately like chapters in a textbook, but concurrently, and interactively, so any management action is likely to have both risks and benefits. Both positive and negative effects of the introducing immigrant panthers were considered in detail ([@b66], [@b67]; cited in [@b32]).

Second, the Florida panther illustrates how theoretical models have been successfully used to provide a framework within which to evaluate different management options. [@b32] used straightforward population genetic models to assess both the positive effects of the introduction. By modelling the effects of introduction on maladaptive, neutral and adaptive variation, practical guidance was obtained on the optimal number of immigrants -- that is, the level of immigration that gave the greatest chance of relieving inbreeding depression with the lowest risk of diluting adaptive variation.

Third, while I know of no case to date where experimental evolution has been directly employed in conservation, the case of genetic rescue illustrates the role that evolutionary experiments could play in understanding the mechanisms by which management decisions might affect population health. The work of [@b5], and more recently of [@b75] with immigrants into vials of *Drosophila* comes closest to being 'experimental evolution', but experimental studies have also been carried out in native systems (e.g. [@b18]-- see review in [@b76]). These studies are beginning to define the circumstances under which genetic rescue might work versus when the negative effects of immigration might outweigh the benefits.

Fourth, however, managers in Florida were able to take action based upon the theoretical models without being constrained to wait for these experimental results to confirm or refute the model. Thus the process-oriented approach allows practical conservation to proceed in parallel with research. While further experiments and refined models will doubtless further our understanding, everyone concerned with conservation recognizes the need to make decisions in the present based upon limited data.

Discussion
==========

At the recent summit on Evolutionary Change in Human-Altered Environments ([@b68]), it seemed that conservation genetics is dominated by an increasing sense of urgency on the one hand ([@b49]), and by the promise of unlimited genomic information on the other (e.g. [@b41]). At the same time that environmental degradation is becoming ever more alarming, the explosion of genetic information seems to promise that we will soon be able to identify all of the adaptively important variation in endangered species, map its distribution (both genetically and geographically), and conserve it. However, as [@b44] lamented for allozymes, and [@b33] for DNA markers, new technologies allow us to genetically study organisms that were previously inaccessible, but have often diverted researchers from understanding the basis, or process of evolution. Recently, a third perception may be entering conservation genetics -- the appreciation that evolution is not simply a matter of history, but of current events ([@b58]; [@b72]; [@b35]) in which humans play a role, and over which we have considerable influence.

I suspect that much of the appeal of molecular genetics in conservation is driven by the culture of research agencies, universities among them. [@b1] identified seven unspoken 'imperatives' that propel the behaviour of both research and management. These are the imperative to act (to 'move forward'); the imperative to evince certitude; the imperative to maintain control; the imperative convince (to 'sell' one's ideas); the imperative to compete (for funding, status, etc.); the imperative to maintain existing institutions; and the imperative to remain within a comfortable paradigm. Molecular genetic approaches in conservation appeal to most of these imperatives. New technologies and facilities can be established and data generated directly from the species of concern, satisfying the urge to act. The high tech nature of DNA technology and sophisticated genetic analysis give an air of certainty and control. This promise is also easily 'sold' to administrators, funding agencies and policy makers where it helps to compete for funding. Most genetic surveys can be published in peer-reviewed journals, allowing the researcher to compete for status. The work can be conducted within existing university departments and research institutions, and the results can be interpreted within a familiar paradigm. But in [@b33] words 'The fact that sophisticated techniques are available does not mean that the answer is always apparent in the DNA'. He goes on to warn that the uncritical application of genetic tools may not be in the best interests of 'either endangered species, (or) the future acceptance of molecular genetics research in conservation'.

I have argued for a shift of emphasis away from studying genetic variation *per se*, to a focus on the evolutionary process (see also [@b11]). I suggest that conservation genetics should seek to identify positive control points that humans can use to enhance the chances of population persistence. Genomic tools and electrophoretic screening undoubtedly have a role to play in conservation and I am in no way arguing that they be abandoned. Intensive genomic study of model systems has been and will continue to be a key component of research into evolutionary processes. They will also serve a valuable role to calibrate the application of models to particular conservation situations (e.g. [@b32]). But by themselves, genetic markers and genomic information are insufficient to inform conservation practice.

Striving for precise inference on a case by case basis is an inordinately inefficient way to proceed for two reasons. First, the extremely stochastic nature of evolution renders such precision immensely difficult ([Fig. 1](#fig01){ref-type="fig"}). There are simply too many different processes that can lead to the same genetic outcome for inferences to have the level of certitude that many researchers and managers desire. The second is that a thorough understanding of the genetic architecture of ecologically important traits is likely only possible for model organisms (and their close relatives) and organisms of economic importance. Moreover, the quest for greater precision -- for the 'further study' that will 'give a clear answer'-- can often be used as a political delaying tactic to avoid taking unpopular action.

The approach I have suggested will require that conservation genetics as a field relinquish some of its comfort and certainty, but that this may not be a great price to pay for a valuable payoff in terms of generality. And the potential for greater generality in evolutionary research is very high, simply because the same principles apply everywhere. It should be eminently possible to offer policy-makers guidelines by which the potential risks and benefits associated with particular management actions can be assessed. The panther example illustrates that we can tell decision makers how much immigration is optimal to enhance evolutionary potential while minimizing the genetic load. Such guides will inevitably be probabilistic, simply because the nature of evolution is inherently stochastic (as indeed is demography), and effective management must work with this uncertainty ([@b71]; [@b82]). Yet this should perhaps be seen as a strength, rather than a weakness, because it allows management decisions to consider the extremes of the range of possible outcomes (e.g*.* unlikely, but catastrophic events) which may be more important than the median expectation.

The value of a process-oriented approach to conservation is that it allows a more nuanced understanding of the consequences of management actions, in place of such dichotomous thinking as the '50/500 rule' ([@b26]). Where the 50/500 rule, for example, may appeal to policy makers because it is 'clear and simple' (cf [@b79]), it has also seen 25 years of caveats and debate ([@b27]; [@b48]). It has fostered a rigidity of thinking that in its worst classifies populations into 'doomed' and 'safe' categories based upon whether the population size exceeds the threshold prescribed in the rule, and excusing inaction in either case ([@b2]). By instead viewing effective population size or migration rate as variables affecting the evolutionary process, we can help managers choose between suboptimal but feasible plans, and to recognize those modifications to a plan that are benign from those that will undercut its effectiveness. This allows genetic considerations to be balanced with other concerns (ecological, economic, social and political) that fall outside the expertise of geneticists, in formulating overall management policies. In return decision makers must (by definition) be willing to make decisions, using the tools conservation geneticists can provide, and embracing the uncertainty that the evolutionary process entails.

These ideas were developed while on sabbatical at the University of California Davis, and were shaped by conversations with a great many colleagues at and following the Summit on Evolution in Human Altered Environments at UCLA in February 2007. However, any errors of omission or commission remain the author's own. This work was funded by a Discovery Grant from the Natural Science and Engineering Council of Canada.
